Objective-To determine whether the link suggested between growth in utero and during infancy and death from cardiovascular disease in men is also present in women.
serological testing cannot identify donors in the seroconversion period; exclusion on risk factors may be the only way to deal with what could be a common finding in areas of high incidence of HIV infection.9 Lastly, laboratory errors are inevitable, and false negative results are less likely when HIV prevalence in the donor pool is low.
The absence of donor exclusion before the introduction of HIV antibody testing may in part explain the greater number of HIV infected transfusion recipients in France than in other European countries. '4 Even with blood screening, the current risk of transfusion transmitted HIV infection in Abidjan-and presumably in other African cities with high HIV infection incidence and prevalence-exceeds that which existed in industralised countries at the beginning of the HIV epidemic.9
Although the priority must remain to extend HIV testing to all units of blood transfused, donor deferral merits investigation in resource poor areas. Exclusion criteria may differ between societies, and this study should be repeated in other developing countries. Additional requirements for improved blood safety in the developing world are country specific guidelines and supervision of transfusion practices and more emphasis on eliminating all but lifesaving transfusions. Subsequent studies suggested that growth in utero and during infancy and the method of infant feeding were linked to the main risk factors for cardiovascular disease. Men and women who had had reduced rates of fetal growth or low weights at 1 year had raised prevalences of hypertension and non-insulin dependent diabetes, raised serum cholesterol and plasma fibrinogen concentrations, and a tendency to store fat centrally.3 Men who were breast fed beyond 1 year of age had raised serum cholesterol concentrations.
These findings support the hypothesis that cardiovascular disease originates from impaired development in utero and during infancy. This is known as programming, whereby adverse influences acting during sensitive periods of early life permanently change the structure and physiology of the body's tissues. The hypothesis proposes that fetal undernutrition leads to persisting changes in the levels of secretion of hormones, including insulin and growth hormone, and in the sensitivity of tissues to them. 4 These changes have important long term effects on metabolism.
The effect of early growth and infant feeding on cardiovascular disease in women is unknown. In Britain women are more difficult to trace than men because of their change of name at marriage, and follow up of women born in Hertfordshire has been completed only recently. We present here the findings for 5585 The average birth weight and weight at 1 year of men who were not traced were 0.1 and 0-2 pounds less than those ofmen who were traced. The averages for women who were not traced were the same. Cardiovascular disease was defined by the International Classification of Diseases (9th revision) codes 390-459, coronary heart disease by the codes 410-414, and lung cancer by the codes 162-164. The social class of all except 65 men and 73 women who had died was derived from the occupation recorded on the death certificate.
STATISTICAL METHODS
We analysed cause of death in relation to birth weight, weight at 1 year, and infant feeding. The numbers of deaths were compared with those expected from national rates for women and men of corresponding age and year of birth.5 Death rates were expressed as standardised mortality ratios, with the national average as 100. Tests for trend were based on the corresponding log-linear model. We used the same infant feeding groups, and groups of birth weight and weight at 1 year as in our previous analysis.' 6 
Results
Of the 690 deaths among women, 183 were due to cardiovascular disease, of which 88 were due to coronary heart disease, 37 to stroke, and 58 to other circulatory disease. A total of 1172 of the 2472 deaths among men were due to cardiovascular disease, of which 853 were due to coronary heart disease, 121 to stroke, and 198 to other circulatory disease. The overall death rates from cardiovascular disease were below the national average, the standardised mortality ratios being 70 for women and 77 for men.
The average birth weight was 7 5 pounds (3 4 kg) for women and 7-8 pounds (3 6 kg) for men. Average weights at 1 year were 21-4 pounds (9 7 kg) and pounds (10-2 kg). Tables I and II 
Discussion
This study provides the first evidence that early growth may be linked to death from cardiovascular disease among women. It also replicates our original observations among men.' Death rates from cardiovascular disease among women and men fell progressively between those with low and high birth weights.
There was a small increase in mortality at birth weights above 9 5 pounds (4 3 kg). This could be associated with maternal diabetes, though we have no evidence of this. Cardiovascular death rates were not related to weight at 1 year in women but in men death rates fell progressively with increasing weight. The trend in men was strong and was reflected in a fall in mortality from all causes. Among women the highest cardiovascular disease death rates were in those with below average birth weight but above average weight at 1 year. Among men the highest rates were in those with below average birth weight and below average weight at 1 year.
Breast feeding for more than one year increased the risk of cardiovascular disease in men but not women. We have previously shown that prolonged breast feeding is associated with raised serum low density lipoprotein concentrations in men.' The r,asons for this are unclear. One possible explanation, which derives from observations on baboons, is that thyroid hormones present in breast milk may down regulate the suckling infant's thyroid function in later life and thereby influence cholesterol metabolism.78 We cannot explain the absence of an association between prolonged breast feeding and cardiovascular disease in women.
We traced men born from 1911 onwards, when the health visitor records were established. Many women born before 1923 could not be traced because their married name was unknown. The cohort of women was therefore smaller and younger which, together with their lower mortality, reduced the power of the study to detect differences in cardiovascular death rates among women.
We included only people who had both birth weight and weight at 1 year recorded. We traced 79% of the men and 60% of the women. The mean birth weight and weight at 1 year of men who were not traced were similar to those of men who were traced. The mean weights of women in the two categories were identical. This shows that selection processes which determine tracing are only weakly related to early weight. By contrast, the processes which determine migration away from place ofbirth are related to birth weight and thereby confound migrant studies.9 Our analysis was based on internal comparisons and selection of subjects with complete records. Failure to trace some subjects would introduce bias only if the relation between early growth and cardiovascular disease differed in those included and excluded and those traced and not traced. This seems unlikely.
ARGUMENTS FOR PROGRAMMING EFFECT
People who had reduced growth in utero and during infancy may continue to be exposed to an adverse environment in childhood and adult life, and it has been suggested that it is the later environment which produces the effects we attribute to programming. We think that there are five reasons why this argument cannot be sustained.
Firstly, associations between early growth and cardiovascular risk factors are being found in different populations. The association between low birth weight and impaired glucose tolerance in adults, for example, has been shown in three studies in Britain'0-'2 and two studies in the United States."314 The association with raised blood pressure has been shown in four studies of adults (C N Martyn, unpublished data)3 1' and is consistently found in children. Blood pressure is known to "track" from childhood to adult life. Tracking is perturbed, however, during adolescence, which may explain why two studies have shown only weak associations between birth weight and blood pressure in teenagers."6'7 A study of people of different ages suggests that raised blood pressure is initiated in utero and thereafter amplified with increasing age. '5 Secondly, in our studies of impaired glucose tolerance and blood pressure and of the link between infant growth and plasma fibrinogen and serum cholesterol concentrations,81.9 we have shown that the associations are independent of social class at birth, social class as an adult, cigarette smoking, alcohol consumption, and obesity. Adult lifestyle influences, however, add to the effects of early life. For example, the prevalence of impaired glucose tolerance was highest in people who had low birth weight but became obese as adults."0 Thirdly, in studies of survivors in the Hertfordshire BMJ VOLUME 307 cohort we have shown that birth weight is unrelated to social class either at birth or currently.3 In this study we have information on social class for people who died. Among them birth weight was similarly unrelated to social class (table V) . Although average weight at 1 year was lower in men in social class V, the difference was small and there was no downward trend through the social classes. Fourthly, the association between early weight and cardiovascular disease is specific. In neither women nor men were birth weight or weight at 1 year associated with death from lung cancer, which serves as an indicator of cigarette smoking; nor were they associated with deaths from non-cardiovascular causes.
Fifthly, the associations are strong and graded. In particular the association between cardiovascular death in men and weight at 1 year is highly significant. Body weight at birth is only a proxy for the changes in the body's structure, physiology, and metabolism that have been programmed in utero, yet the relative risks associated with low birth weight are large: the risk of syndrome X, for example, is 10 times higher among men whose birth weight was 6-5 pounds (2-95 kg) or less than in men whose birth weight was more than 9-5 pounds (4 31 kg).20
For these reasons we conclude that reduced early growth and cardiovascular disease are causally linked. This conclusion is strengthened by recent animal studies which show that experimentally induced low birth weight is followed by persistent raised blood pressure.21-23
WORKING HYPOTHESIS
Our working hypothesis is that fetal undernutrition is associated with changes in the concentration of fetal and placental hormones.4 Persisting changes in the levels of hormone secretion, or in the sensitivity of tissues to them, may link fetal undernutrition with abnormal structure, function, and disease in adult life. 4 24 Insulin has a central role in regulating fetal growth. It ensures that fetal growth rates are commensurate with the nutrient supply.25 Babies who are small for dates have disturbed glucose-insulin metabolism. This manifests in adult life as a high prevalence of noninsulin dependent diabetes, which is a risk factor for cardiovascular disease.'011 This is found in both women and men." The association between lower birth weight and raised death rates from cardiovascular disease in women and men may therefore reflect persisting changes in secretion of insulin or in the sensitivity of tissues to it. Babies with lower birth weight who are thin are insulin resistant as adults.2026 Thin babies tend to catch up in weight after birth.27 28 In late gestation and during infancy, growth hormone and insulin-like growth factor I, which mediates some of the effects of growth hormone, become increasingly important for the control of growth.29 Babies with low weight gain in infancy may be deficient in growth hormone or resistant to it.4 At birth these babies may already be short, though of average weight.20 As adults babies with low weight gain have raised serum cholesterol and plasma fibrinogen concentrations.'8 19 The raised cardiovascular death rates among men with lower weight at 1 year may be the result of persisting disturbance of growth hormone metabolism. We suggest that boys are more vulnerable to disturbance of growth hormone metabolism because of their more rapid growth trajectory in utero.303' Among animals undernutrition in utero has a greater effect on the development of fetuses which are growing rapidly.3233
Our hypothesis is that whereas both girls and boys may develop persisting changes in insulin metabolism through undernutrition in utero, boys are more prone Epidemiological implications * Previous studies have suggested that cardiovascular disease in adult men is linked to in utero development * In this study low birth weight is linked to cardiovascular disease in both women and men * Low weight gain in infancy is linked to cardiovascular disease only in men * This is further evidence that cardiovascular disease is programmed in response to undernutrition in early life to develop changes in growth hormone metabolism. This hypothesis provides a framework within which the lower rates of cardiovascular disease in women than in men can be explored.
We thank Hertfordshire County Archives, and the Hertfordshire health authorities who preserved the records and allowed us to use them, and the staff at the NHS central registry, Southport, and Office of Population Censuses and Surveys, London, who traced the men and women. Brian Pannett and Jackie Ariouat carried out the national search which led to the discovery of these data. Small head and chest circumferences at birth and short length were each associated with raised serum low density lipoprotein cholesterol concentrations but the trends disappeared in a simultaneous regression with abdominal circumference at birth. The association between abdominal circumference at birth and low density lipoprotein cholesterol concentration was independent ofsocial class, current body weight, cigarette smoking, and alcohol consumption.
Conclusion-Raised serum cholesterol concentrations in adult life are associated with impaired growth during late gestation, when fetal undernutrition has a disproportionate effect on liver growth. Impaired liver growth may permanently alter low density lipoprotein cholesterol metabolism.
Introduction
The reasons why serum cholesterol concentrations differ widely within and between populations are not understood. They are important because cholesterol may be directly concerned in the pathogenesis of atheroma and is strongly associated with the risk of coronary heart disease. 1 2 Experiments show that changing the diets of pregnant animals or their newborn offspring may permanently change the rate of cholesterol synthesis and excretion.3 Permanent changes in cholesterol metabolism may also be induced by cholestyramine given to mothers or neonates.45 Rats that are weaned prematurely have a raised serum cholesterol concentration in later life, which becomes apparent only after seven months,6 while breast fed baboons have higher ratios of serum low density to high density lipoprotein cholesterol concentrations in adult life than those fed on infant formulas.7 These observations suggest that the activity of enzymes controlling cholesterol synthesis and excretion may be programmed by nutrition during early development.
In humans there is limited evidence that nutrition before and immediately after birth influences lipid metabolism throughout life. In a study of men aged 59-70 who were born in Hertfordshire and whose birth weight, infant growth, and feeding were recorded, those who were heavier at birth were found to have lower serum concentrations of apolipoprotein B-the structural apolipoprotein linked to low density lipoprotein. 8 Those who had been breast fed beyond 1 year of age or who had been exclusively bottle fed had higher serum concentrations of total and low density lipoprotein cholesterol and apolipoprotein B. These patterns of feeding were also associated with raised death rates from coronary heart disease.
The findings in Hertfordshire are part of a growing body of evidence that the metabolic abnormalities which lead to coronary heart disease are programmed by nutrition in utero and during infancy. Studies show that men and women who had low growth rates in utero or in the first year after birth now have raised blood pressure,9 impaired glucose tolerance,10 abnormal blood coagulation," and raised death rates from coronary heart disease.'213 These associations are strong, graded, and independent of social class, smoking, and other aspects of adult lifestyle.
We measured serum lipid concentrations in a group of middle aged men and women who were bom in a maternity hospital in Sheffield during 1939-40. Our aim was to see whether retarded growth in utero led to the pattern of serum lipid concentrations that is associated with increased risk of coronary heart disease. Retarded intrauterine growth affects body proportions at birth as well as body size, and these particular men and women were studied because their birth records included not only birth weight but also length at birth and circumferences of the head, chest, and abdomen. Abdominal circumference seemed particularly important because it reflects the size of the liver, which has a central role in cholesterol synthesis and excretion.
Subjects and methods
A standardised record form was kept for each woman admitted to the Jessop Maternity Hospital in Sheffield.'3 Records included the date of the mother's last menstrual period, details of previous pregnancies, and measurement of the external conjugate diameter of the pelvis-the distance between the symphysis pubis and the fifth lumbar vertebra. Birth weight was recorded in pounds and grams (1 lb= 454 g). Placental weight was recorded in grams. Head, chest, and abdominal circumferences and crown-heel length were recorded in inches (1 in=2-54 cm).
